Objective: To study the correlation between diagnostic accuracy of FNAC and histopathology in palpable breast lumps. Methods: A prospective study of 50 patients was conducted at K. J. Somaiya Medical College, Research Center and Hospital, Mumbai. All female patients were randomly selected, irrespective of their age, religion, marital status, occupation or social status. Every patient underwent a FNAC done on OPD basis by a trained pathologist from the Pathology Department in K. J. Somaiya College, Research Center and Hospital, following a thorough clinical check-up. Every patient subjected to FNAC underwent a definitive surgical procedure. All specimens so obtained were subjected to histopathology. The results thus obtained from histopathology were matched with those of FNAC and a correlation was sought based on statistical tests. Results: Results of all patients were collected and tabulated. Statistical analysis was performed on the tabulated data and sensitivity and specificity with positive and negative predictive value were obtained. Of all 50 patients selected, only 2 were false negative for malignancy i.e., they were detected as benign lesions on FNAC but found to be malignant on histopathology. Hence, the sensitivity of the study was 96% and the specificity for malignant lesions was 100%. The positive predictive value was 100% and the negative predictive value was 95.12% Conclusion: FNAC is a cheap, rapid, reliable and accurate test of diagnosing a palpable breast lump if done by an expert and trained pathologist. It gives a good histological correlation. It may obviate the need for another surgical biopsy prior to definitive surgery for malignancy.
INTRODUCTION
With growing awareness in the general population, especially about breast pathologies, a lady with a breast lump is one of the commonest presentations in outpatient departments. Clinical examination would be followed in most patients with a confirmatory diagnosis under the microscope. Previously, this involved invasive methods, such as an excision biopsy as an inpatient, under anaesthesia, followed by the definitive operative treatment a few days later in case the biopsy report demanded it. The final specimen so obtained would then be sent for histopathology again, for determination of other parameters. This entailed repeated admission to hospital in most cases, and more than one surgery along with its attendant social and physical inconvenience. The delay in procuring the histopathology report was also added to the woes of the patient.
The pioneering work at the Karolinska institute in Stockholm by Torsten Lowhagen and his colleagues, in the 60s and 70s helped to popularize a new minimally invasive technique of diagnosis known as Fine-Needle Aspiration Cytology (FNAC). It is a study of cellular material obtained by a small-gauge needle obtained by an airtight syringe. It is a study commonly used in breast, thyroid, and lymph nodes in neoplastic and non-neoplastic diseases. With help of a radiologist the effectiveness of the study can be maximized. This is a quick-to-perform, easy, out-patient and virtually painless procedure which became a standard tool for diagnosis in breast lumps. With a high percentage of true positives, nearly no false positives and virtually no complications, and no requirement of anaesthesia, it has established itself as an important patient-friendly out-patient procedure.
Though critics have rightly pointed to the possibility of false negative reports in respect to malignant lesions, with improved techniques and expertise, a FNAC reported by an expert cytologist as unequivocally malignant is now considered by most a sufficient evidence to proceed to definitive surgery.
Hence, this study was undertaken to see how well a preliminary FNAC in a breast lump correlated with the final histopathology report to which every excised specimen would invariably be subjected. Apart from reducing patient anxiety in many situations, it could help avoid the diagnostic excision / incisional biopsy in most patients. Patient comfort is an important consideration when they present to a hospital for treatment. With obvious advantages as mentioned, FNAC has been proved to be an important patient-friendly procedure in breast lumps. Therefore, the study aimed to determine the extent to which the FNAC report could be relied upon to proceed towards definitive excisional surgery without resorting to any other diagnostic procedure. For the conclusion that FNAC is indeed reliable, a good positive correlation is essential to be demonstrated between the FNAC and the final histopathology report. To try and to arrive at a conclusion regarding the reliability of FNAC has been the essence of this study.
AIMS AND OBJECTIVES
Breast carcinoma is a common malignancy in urban women, the second leading cause of cancer-related death and the third most common cancer throughout the world. Its incidence is rising in the world due to widespread awareness, and better diagnostic aids to detect the lesion at an early stage.
The most common presentation is a breast lump, and worldwide, the most accepted protocol followed for diagnosis of breast lumps, is "Triple Assessment", which includes clinical assessment, radiological imaging and pathological diagnosis.
Since FNAC forms the most important aspect of cytopathology as a part of triple assessment, it is expected to be an efficient technique which can be relied upon in terms of avoiding further diagnostic surgery before proceeding with the final definitive excisional procedure. To evaluate the correlation between accuracy of FNAC and histopathology in palpable breast lumps is the primary aim of our study.
The aims and objectives of our study therefore were:
To subject all patients in our study, presenting with 1.
a palpable breast lump in this general hospital, to Fine-Needle Aspiration Cytology on an outpatient basis.
To admit the patient for the required definitive 2.
excisional surgery and send the specimen for histopathology in all patients.
To compare the FNAC report with the final 3.
histopathology report of the excised specimen in all patients.
To derive conclusions about the correlation, 4.
including sensitivity, specificity, positive and negative predictive values, regarding the diagnostic accuracy of FNAC as compared to the final histopathology.
MATERIALS AND METHODS
The materials used in our prospective type of study were as follows:
Eligibility criteria for patients: Fifty female patients attending the surgical outpatient department of our hospital were selected keeping in mind the criteria mentioned below.
A 
EQUIPMENT:
Needles: Fine-gauge number 23 single-use 1.
disposable needles were used in the study in all patients as a strict protocol.
Syringes: Regular 10 cc single-use disposable 2.
plastic Becton Dickenson syringes were used for aspirating the material from the breast lumps.
Slides: Two to three dry clean slides were used for 3.
preparing the smears. All slides were labelled with a glass pencil and air-dried.
Fixatives: As routine, all smears were fixed with 4. 95% alcohol.
Stains: All the slides were stained with eosin and 5.
heamotoxyline stain. Special stains if required were used in those particular cases. 
TECHNIQUE

PATIENT PREPARATION
After taking an informed valid written consent, the patient was explained the procedure in complete detail. The patient was always accompanied with a female attendant. The procedure was performed without any anaesthesia by a trained cytologist in the pathology department.
Figure 1
The skin over the suspicious area was cleaned with spirit, the lump was held by hand and stabilized. With the plunger retracted, many passes were made in the lump till sufficient material was seen in the needle hub. Air was aspirated in the syringe and after attaching the needle again the aspirated material was sprayed on the glass and smears were made.
The smear was fixed with 95% alcohol and later stained with hematoxylin and eosin stain. The slides were then observed under microscope and graded accordingly.
Cytology Reports were interpreted as benign, malignant, suspicious pathology and unsatisfactory.
RESULTS
All the 50 patients underwent a diagnostic FNAC in our pathology department following which all underwent a definitive exicisional surgical procedure after admission to hospital. All excised specimens obtained were subjected to histopathology. The FNAC report was correlated with the final histopathology report and statistical tests were used to interpret the results.
The observations and results of our study were tabulated and analyzed as below: The maximum number of women was in the age group of 40-44 years, followed by 30-34 years. There were no women in the age group of 55-59 and only one in the group of 10-14 years. The maximum number of lumps in one particular quadrant was in the upper and outer quadrant on the right side and they were 9 in number; on the left side, the upper and outer quadrant was the quadrant which had the maximum number of lumps palpated, too: they were 7. So without considering sides, the quadrant in which there was the maximum number of palpable lumps was the upper and outer quadrant. This above table depicts the age distribution among women in our study who were detected with malignancy on histology. It shows that during the period of our study, among 13 women who were detected with malignancy, the maximum, that was 5, was present in the age group of 41-44.
In our study of fifty women, on FNAC, we found 29 women with a fibroadenoma, and one specimen was reported as phylloides tumor while 11 were reported as malignant. There was 1 patient with atypical hyperplasia, 1 with a retention cyst, and there were 2 with suppurative infection. The remaining 5 had a benign proliferative breast disorder (BPPD) as shown in Table 4a . The same women's histopathology reports were as follows: 29 women were detected with fibroadenoma, 4 had fibrocystic disease, there was 1 retention cyst and 1 phylloides tumor and there were 2 chronic abscesses and 13 malignancies detected as shown in Table 4b .
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Figure 7 Table 4a&b The statistical tests used in the interpretation of the results obtained in our study were the determination of:
Sensitivity of FNAC as a diagnostic procedure for the entire study
Specificity of FNAC in relation to the malignant lesions
Positive predictive value of FNAC as a diagnostic procedure for the entire study
Negative predictive value in relation to the malignant lesions
In our study, of the 50 patients who underwent FNAC, in 48 the FNAC report matched with the final histopathology report. Table 5 Out of the 2 patients, in which FNAC did not match, one showed a benign proliferative breast disorder and the other showed atypical hyperplasia on FNAC. An excision biopsy of the lump was performed in both patients and both showed duct carcinoma. (They then underwent further surgery in the form of a modified radical mastectomy).
Thus there were 48 true positives, 2 false negatives and no false positives and true negatives in our study.
The sensitivity of a test is the ability of a test to identify correctly all those who have the disease. In our study the sensitivity would be: The specificity of a test is the ability of the study to identify correctly the candidates who do not have the disease.
Figure 10
In our study, only females with a lump in their breast were selected. Therefore, in purely statistical terms, there were no normal individuals i.e., those women with normal breasts were not selected. Hence, the ability of Fine-Needle Aspiration Cytology as a diagnostic test to identify correctly those individuals not having disease (i.e., true negatives) could not be calculated since in every patient in our study, FNAC would reveal some result.
Hence, to give a wider spectrum to our interpretation of the results, we calculated the specificity of FNAC for malignant lesions against benign lesions i.e., "how specific is FNAC as a test in the diagnosis of malignancy in a breast lump?" Table 6 So according to this table, in our study, the specificity of FNAC for malignancy would be calculated as:
The positive predictive value of a test indicates the probability that the patient with a positive test has, in fact, the disease in question. It should be noted that this positive predictive value is for FNAC as a diagnostic test for all patients.
The negative predictive value of a test indicates the probability of a patient with a negative test not having the disease in question.
Figure 14
As stated above in our results, we had no true negatives. In the absence of true negatives, the predictive value of negative test is actually zero, since the numerator becomes zero. As with the calculation of specificity for malignant lesions, we broadened the interpretation of our results by calculating the negative predictive value of the test for malignant lesions. 
DISCUSSION
A lump in the breast is a common complaint presenting in the surgical out-patient department of all major hospitals, with anxiety regarding a possible malignancy being extremely common. Hence a quick diagnosis of a lump in the breast is essential. Criteria such as cost effectiveness, use of anaesthesia, time between the diagnostic procedure and report, patients' hospital stay and most importantly, reliability in deciding subsequent treatment, are all factors to be taken into account in this regard. Considering patients' comfort, lack of requirement of anaesthesia, rapid analysis and reporting, and an absence of false positive results makes FNAC an ideal initial diagnostic modality in breast lumps. Our present study was conducted on 50 female patients with a palpable breast lump each of whom underwent a fineneedle aspiration cytology of the lump followed by excisional surgery either in the form of a lumpectomy or a definitive surgical procedure like a mastectomy, depending on the diagnosis at aspiration cytology. The aspiration cytology findings were then matched with the final histology report to see as to how accurate FNAC was as compared to open biopsy i.e., to assess the cyto-histologic correlation. None of our patients was subjected to a core biopsy and its correlation with FNAC was not a part of our study. Our study also did not attempt to draw any conclusions as to whether one diagnostic modality could replace the other.
Patients were selected regardless of their religion, occupation and financial status. All these patients underwent an FNAC and patients who did not follow up after FNAC were not included in this study. Every patient included in this study was admitted and underwent a definitive surgical procedure as demanded by the FNAC report. It varied from excision biopsy or incision and drainage to a modified radical mastectomy.
The procedure of FNAC was performed by trained personnel in the pathology department following a uniform protocol. All pathology specimens underwent a histopathological study, the final report was compared with that of FNAC and the correlation was sought. The results obtained were tabulated and conclusions drawn based on statistical tests. Though many aspects relating to the patient profile were tabulated and compared with those in other similar studies, the most important aspect of this study was to draw conclusions regarding the cytohistological correlation in these patients.
In the fifty consecutive women selected for our study, the age ranged from fourteen years to sixty-one years with an average of thirty-seven and a half years. The maximum (nine patients) was found in the forty to forty-four year group followed by eight patients in the thirty to thirty-four year group. We found that there were no patients before the age of thirty-five to thirty-nine who were detected with malignancy, with the maximum number of patients seen in the forty to forty-four age group. Whereas benign lesions were seen in patients of all age groups, they were more commonly seen in younger age groups with the maximum of eight patients in the thirty to thirty-four age group.
In a similar study done by Hussain 36 on 50 patients, the age distribution was between fifteen and sixty-five years and the maximum patients were seen in the thirty one to forty year group (30%). Similar studies done by Homesh 62 et al., Tiwari 80 and Ariga et al. 75 showed similar age patterns.
In our study, the right breast was involved in 22 patients while the left breast was involved in twenty-eight patients. Bilateral involvement was seen in six patients. In their series, Hussain et al. 36 showed left breast involvement in 27 patients (54%) while in the other 23, the right breast was involved. No surgical importance can be attached to this observation since patient selection was in no way dictated by involvement of any particular breast.
The upper and outer quadrant was the commonest site of the lump in our patients (22 patients) while the upper inner quadrant was involved in 10, the lower and outer in 9 and the lower and inner quadrant in 9. Hussain 36 , in his series, had 29 patients (58%) with a lump in the upper and outer quadrant and 9 had a lump in the upper and inner quadrant while 4 patients had a palpable lump in the lower and outer quadrant. There were 5 and 3 patients having a lump in the lower inner and central quadrant, respectively. Both studies showed the upper and outer quadrant to be the dominant quadrant to have a palpable lump.
Thirty-seven out of our fifty patients were married. This corresponds to 74% of patients in comparison to 69.3% of 296 patients who were married in the series by Homesh et al. 62 Thus, in both series more married women presented to the out-patient department than unmarried ones. Though not directly related to our study, these figures may indicate the relative reluctance of young unmarried women to present to the out-patients department for a breast examination, since benign breast lumps, especially variants of ANDI (Aberrations of Normal Development and Involution), are definitely not uncommon in the young unmarried patient. Also only 7 of our married patients were nulliparous and all those who had children had breastfed their babies.
In our patients, the duration of the lump ranged from 2 months in 18 patients to 7 months in 3 patients. All the others reported duration in between 2 and 7 months as shown in Table 2 . In comparison, the study by Hussain 36 showed the duration of the lumps in a range between 1 month to 2 years with a majority of patients having a history of between 6 months and a year. Earlier presentation in case of our patients was probably due to the location of our hospital in a metropolitan city with a large urban population quite aware of the importance of a breast lump and the necessity of a medical consultation if one happened to develop a lump. This is definitely a reflection of the increased awareness regarding breast lumps amongst the female population.
The commonest pathology found in our patients was fibroadenoma in 29 patients. This was followed by fibrocystic disease in 4 patients and malignancy in 13 patients. In their study on 91 patients, Tiwari et al. 80 also reported fibroadenoma as the commonest pathology (39.6%). Other important conditions such as subareolar abscess, invasive ductal cancer, breast abscess, fibrocystic disease, duct ectasia, and galactocoele ranged from 5.5% to 7.7%.
Size of the needle used for FNAC has often been a point for discussion since patient comfort and patient friendliness is an important aspect of FNAC as a superior diagnostic procedure. Disadvantages of a finer needle were an inadequate aspirate while disadvantages of a thicker needle included pain and hematoma formation. All our patients underwent FNAC using a no. 23 needle with no patient discomfort and none of the patients complained of any untoward side effects. Walker et al. 22 compared the use of 21G and 23G needles for FNAC in breast lumps; 125 patients were included; 61 and 64 patients underwent FNAC with a 21G and 23G needle, respectively. A chi squared test had showed no statistical difference in the results whichever needle was used in their study.
Expertise of the person performing and interpreting the fineneedle aspiration often influences results. Yeoh et al. 73 from Hong Kong reported a high proportion of unsatisfactory samples (48%) with doctors who performed FNAC occasionally. Patel et al. 37 showed that FNAC results were influenced by the number of needle manoeuvres performed with less than ten needle manoeuvres being associated with a 54% unsatisfactory aspiration rate, as compared to 25% when more than ten manoeuvres were performed. They concluded that experience and technique are the most important factors in obtaining a satisfactory aspirate from breast lumps. Padel et al. 81 showed that sensitivity of FNAC increased and inadequate samples decreased when pathologists took the samples for cytodiagnosis. Cohen et al. 82 and Ljung et al. 32 also reported on the influence of training and experience in aspiration cytology of the breast with a maximum influence on sensitivity values which dropped sharply from 98.2% to 75% with an untrained person performing the aspiration, as seen in table 7. Table 7 In our patients, FNAC was always performed by pathologists with at least five years of experience in FNAC which they were performing routinely not only from the breast but from other organs, too.
Image guidance during FNAC is another important aspect of various studies. Increased accuracy is the obvious advantage especially in the smaller, deeper or impalpable lesions. Sonographic and stereotactic guidance have been the most commonly used modalities. Numerous studies highlighting this aspect have been done. However, since we included only palpable breast lumps in our study, no image guidance was required in any patient.
As mentioned above, the primary aim of our study was to determine diagnostic correlation between fine needle aspiration cytology report and the final histopathology of the lump. In other words, how accurate and reliable was FNAC in diagnosing breast pathology which could help us in proceeding towards definitive excisional (and often mutilating) surgery without having an unpleasant surprise at the final histology report of the specimen. For centuries, conventional histology has remained the cornerstone of diagnostic pathology and was often described quite rightly as 'the final court of appeal' in the presence of controversy. The obvious advantages of FNAC are in form of a rapid and cost effective, out-patient's procedure, not requiring anaesthesia, which can be easily repeated without much pain or discomfort to the patient. Occasional complications include the formation of a hematoma or post procedure pain and rare chance of tumour seeding along the needle tract. With needles used now being quite fine, this chance is even less likely. However, there are a few limitations in terms of its inability to diagnose lesions if the aspirate is scanty either due to an inexperienced operator or a very small or deep lesion. More needle manoeuvres are required in some patients and it may be difficult to diagnose unusual tumours. Being a cytological study, classification and grading is not possible. Diagnosis is also impossible if the aspirate is from the centre of a necrotic tumour.
In relation to breast pathologies there are obvious advantages (apart from the more general ones) in the form of very few false positives in differentiating between benign and malignant lesions, as well as of being diagnostic and therapeutic in most breast cysts. Recurrence of carcinoma of the breast, too, can often be diagnosed. The conditions which have a risk of a false positive result are papillary lesions, atypical epithelial hyperplasia, regenerating epithelial atypia, and atypia of ductal epithelium in a cyst.
A risk of false negative results exists in low grade malignancies, small or complex proliferative lesions as well as in tumours with central necrosis or a small cell carcinoma. Silverman et al. 63 concluded that for palpable lesions, FNAC, as compared to core biopsy, appears to have more predictive value in confirming the diagnosis of carcinoma and locally recurrent disease.
The sensitivity of a particular test is a statistical index of the diagnostic accuracy of that particular test. In the context of FNAC, it implies that if FNAC is positive, it definitely means presence of the disease but if it is negative, it does not rule out the disease. The specificity of a particular test, on the other hand, is the ability of the test to identify those individuals who do not have the disease. In purely statistical terms, there were no normal individuals in our study, i.e. women without a breast lump. Hence, the ability of FineNeedle Aspiration Cytology as a diagnostic test to identify correctly those individuals not having disease (i.e., true negatives) could not be noted since in every patient in our study FNAC would reveal some result. Therefore, specificity of FNAC as a whole could not be calculated. To give a wider spectrum to our interpretation of the results, we calculated the specificity of FNAC as a diagnostic test for malignant lesions, i.e. how specific is FNAC as test in the diagnosis of malignancy in a breast lump? The positive predictive value of a test indicates the probability of a patient with a positive result to have the disease. Hence, it shows the diagnostic power of the test while the negative predictive value of a test, on the other hand, indicates the probability of a patient with negative result not to have the disease. As stated in our results, we had no true negatives. In the absence of true negatives, the predictive value of the negative test is actually zero, since the numerator becomes zero. As with the calculation of specificity for malignant lesions, we broadened the interpretation of our results by calculating the negative predictive value of the test for malignant lesions. This aspect has already been explained the results.
In our study, there were 48 true positives, no false negatives, no true negatives and 2 false positives. As shown previously, sensitivity and positive predictive value of FNAC in our study were calculated as 96% and 100%, respectively, while specificity and negative predictive value for malignancy were 100% and 95.12%, respectively.
While the value of sensitivity of FNAC in our study was 96%, an absolute value of 90.9% was obtained by the series by Hussain et al. 36 In a series of 100 patients, Dennison 58 reported the sensitivity of FNAC as 90.4% whereas Wu et al. 61 compared postoperative pathology results and showed a sensitivity of 75% for FNAC, while trucut biopsy showed a sensitivity value of 92% and frozen section 100%. Westend et al. 53 depicted a value of 92% for FNAC which was slightly lower than our findings.
As already discussed above, the positive and negative predictive value of a test are the ones which measure the performance of a test by measuring its "predictive value" which reflects the diagnostic power of the test. They depend upon the sensitivity, specificity and disease prevalence. In this regard, Franco et al. 35 , in his study of 300 patients on the utility of FNAC, reported a positive predictive value of 100% and a negative predictive value of 92%. A very large study of 1,297 patients done by Choi et al. 83 , on correlation of FNAC and histopathology reports, found the positive predictive value to be 98.4% and a negative predictive value of 88%. In this context, the following table showing the values obtained in several similar studies is relevant. Table 8 It can be seen clearly that our results match well with those of previous studies reported in the literature. While attempting to find the reason for variation in the values in some of the studies, we felt that the commonest cause was probably related to expertise of the person doing the aspiration. Maximum variations in terms of lower values were in the sensitivity. With the procedure of performing FNAC fairly standardized by now in all institutions, the only important variable remains the person doing the actual aspiration. In such a scenario the procedure itself should not be maligned and a plethora of studies done on this aspect bear testimony to the fact that this factor is being considered, when such studies are interpreted and reported. In our study, the consistently high values of all the parameters was most likely due to the fact that, as mentioned before, only pathologists with at least five years of experience were performing the aspiration. In this way, a major obstacle in getting better results is removed and better cyto-histologic correlation is obtained.
CONCLUSIONS
Fine-needle aspiration cytology is a patient friendly, easy, reliable, repeatable and simple diagnostic test. When performed by an expert pathologist, the diagnostic accuracy of FNAC is very high. A high sensitivity and a high positive predictive value proved that a positive FNAC in the breast means a definite diagnosis of the concerned pathology if compared with the final histology report. The high specificity and a high negative predictive value for malignancy illustrated the high accuracy of FNAC in the diagnosis of malignancy in the breast. Very importantly, a report negative for malignancy was highly accurate (>92%) in predicting an absence of malignancy. Thus, we have no hesitation in concluding that FNAC is a very important preliminary diagnostic test in palpable breast lumps, and done by expert hands, the results show a high degree of correlation with the final histopathology report.
